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Comment on "Charged Particle Ratio 
Fluctuation as a Signal for Quark-Gluon 
Plasma" and "Fluctuation Probes 
of Quark Deconfinement" 

Charge fluctuations studied on event-by-event basis 
have been suggested by two groups (see also ||]) 

to provide a signal of the quark-gluon plasma (QGP) 
produced in heavy-ion collisions at high energies. Specif- 
ically, Jeon and Koch [|l| and Asakawa, Heinz and Miiller 
H proposed to study the fluctuation measure 
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where Q is the charge (electric or baryon) and N^h is 
the number of electrically charged particles both mea- 
sured in a given rapidity interval; (...) denotes averag- 
ing over events. The measure (^) equals approximately 
unity for the equilibrium hadron gas and it is 2 to 3 times 
smaller |^,^ when the charge fluctuations are generated 
in QGP and the entropy, which controls the final state 
particle multiplicity, is conserved. Since various phenom- 
ena which occur in the hadron phase rather increase than 
decrease the fluctuations created in QGP the smallness 
of (0), if measured, seems to be an unambiguous signal 
of the plasma production. 

Jeon and Koch (l) and Asakawa et al. j|] assume that 
the final state charge fluctuations are created when QGP 
produced at the collision early stage achieves local ther- 
modynamic equilibrium. They argue that the fluctua- 
tions are not increased to the level characteristic for the 
hadron phase due to the rapid system expansion. How- 
ever, it seems a legitimate assumption that the fluctua- 
tions are determined even earlier i.e. at the initial stage of 
heavy-ion collision when the energy of the participating 
nucleons is released and nonequilibrium parton system 
emerges. The longitudinal collective motion, which coun- 
teracts the relaxation of the fluctuations, develops just at 
this stage. Thus, we assume that the final state charge 
fluctuations observed in a rapidity window Ay/ are fully 
determined by the initial stage charge fluctuations in the 
rapidity window Ay^, which corresponds to Ay/. Such 
a scenario does not exclude formation of the equilibrium 
QGP. It only demands that the processes of thermaliza- 
tion, hadronization, etc. redistribute the charges at the 
scale smaller than Ay. Then, the charge within the win- 
dow is conserved during the temporal evolution. 

The number of charge carriers dramatically increases 
at the collision early stage. If the charge fluctuations 
are indeed created initially the numerator of the mea- 
sure (|l|) is determined by the much smaller number of 
carriers than the denominator. Therefore, the measure 
is expected to be small. One gets a rough estimate of 
(|l|) assuming that the initial fluctuations of the electric 
charge in Ay^ are due to the variation of the number of 


protons occurring in Ay.;. For the central collisions and 
Ayi being nuch smaller than the full rapidity interval, 
these fluctuations are expected to be poissonian. There- 
fore, the measure (||) reads 
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where Z is number of participating protons. In the case 
of baryon charge fluctuations one replaces Z by the num- 
ber of participating nucleons. In order to remove a pos- 
sible contribution of the geometrical fluctuations it was 
proposed in to use 
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instead of (0) in experimental studies of the electric 
charge fluctuations. The measure (^) approximately 
equals (|l|) for sufficiently small multiplicity fluctuations. 
If the charge fluctuations are indeed governed by the ini- 
tial ones the use of (||) instead of (|l|) will reduce the 
measured fluctuations even in the central collisions be- 
cause the charge fluctuations which are proportional to 
the produced entropy do not contribute to (||). 

Since the charge particle multiplicity per participat- 
ing proton is about 8 at CERN SPS energy [Q and it 
is even larger at BNL RHIC, the value given by eq. (||) 
is signiflcantly smaller than unity. One notes that our 
estimate remains similar if the valence quarks instead of 
protons are the charge carriers at the collision early stage. 
Thus, the smallness of charge fluctuations, if measured, 
can be interpreted either as a result of the equilibrium 
QGP or due to the initial charge variation. Rapid expan- 
sion of the matter produced in nucleus-nucleus collisions 
can freeze both types of fluctuations or the superposi- 
tion of them. If the mechanism of freezing is not efficient 
enough the fluctuations characteristic for the hadronic 
final state will be observed. 

Marek Gazdzicki 
Institut fiir Kernphysik, Universitat Frankfurt 
August-Euler-Strasse 6, D - 60486 Frankfurt, Germany 

Stanislaw Mrowczyhski 
Soltan Institute for Nuclear Studies 
ul. Hoza 69, PL-00-681 Warsaw, Poland 

PACS: 25.75.-q, 12.38.Mh, 24.60.-k 

[1] S. Jeon and V. Koch, Phys. Rev. Lett. 85, 2076 (2000). 
[2] M. Asakawa, U. Heinz and B. Miiller, Phys. Rev. Lett. 85, 
2072 (2000). 

[3] K. Fialkowski and R. Witt, |hep-ph/0006023|; M. Ble- 


icher, S. Jeon, and V. Koch, Phys. R ev. C62, 061902 


(2000); H. Heiselberg and A.D. Jack son, |nucl-th/0006021 


E.V. Shuryak and M.A. Stephanov, |hep-ph/001010[ . 
[4] H. Appelshauser et al. (NA49 CoUab.), Phys. Rev. Lett. 
82, 2471 (1999). 


1 


